Clearly, there are many factors that contribute to the rise in health care expenditure, such as expanded insurance coverage, growth of the elderly population, increased aggressiveness in providing medical care, utilization of high-tech equipment, expensive treatment methods, increased prevalence of chronic diseases, increased income, and economic fluctuations. [4] [5] [6] [7] [8] [9] [10] Among them, technologic advance is a key driver of health care spending growth. [11] [12] [13] [14] [15] In recent years, the utilization of high-tech equipment has grown year after year. Focusing on the utilization of computed tomography (CT) in hospitals during 1998-2001 as an example, the annual growth rate of CT use in hospital outpatients was 4.47%. Expenses associated with CT use constituted up to 1% of the annual national health care expenditure in each of the 4 years. 16 With increasingly intense competition in the health care market in recent years, providing hightech medical equipment and technology has become one of the marketing strategies for many hospitals. It is therefore necessary for hospitals to boost the usage rate of such high-tech medical equipment and technology in order to recover the purchase costs. According to statistics of medical claims provided by the Bureau of NHI (BNHI), the expense of both CT and magnetic resonance imaging (MRI) was approximately NT$4.4 billion in 1999, and the growth rate was 17.71%, far exceeding that of the total costs of national health care. 17 High-tech equipment was introduced into Taiwan somewhat later than in many other developed countries, but the availability of such equipment has increased at a staggering rate. It has been shown through statistics provided by the Department of Health (DOH) that the number of CT units approved increased from 175 to 495 between 1992 and 2003, wherein the annual growth rate was 9.91%. In 2003, the number of CT units per million population was 21.9 in Taiwan, ranking third among the members of the Organization for Economic Cooperation and Development (OECD). 18 Prior research in the utilization of hightech equipment focused mainly on health care expenditure, without extensive and long-term investigations into the relevant factors that affect the use of CT. 11, 14, 19 The relevant factors that influence CT utilization remain unknown. In general, there is a positive relationship between the availability of technology and health care expenditure. People without health insurance coverage or who need a high deductible payment would have lower financial ability to use diagnostic imaging due to its high cost. In publicly funded medical delivery systems, the utilization of medical care services should be equitable, irrespective of socioeconomic status (SES). A previous study indicated that the relative rate of diagnostic imaging utilization was higher for people with higher income. 20 However, literature that explores the association between SES, disease patterns and CT utilization is limited. Previous studies did not specifically address patient characteristics and disease types with high CT usage. Is the relationship between SES and CT utilization under the Taiwan NHI different from that determined in previous studies? This study aimed to explore the features of segments of the population with high CT usage and the associated disease patterns over a multiyear period, and to attempt to understand the association of SES with CT utilization under a comprehensive and universal national health insurance program.
Methods

Study population
To understand health care utilization by the 23 million insured in Taiwan, the BNHI used the Registry for Beneficiaries (RFB) to create a cohort of the sample population, sampling 200,000 participants from the entire insured population by carefully designed random sampling to form the RFB Sampling File (RFBSF), in which all individual health care-related data (i.e. outpatient clinic visits, emergency department visits, hospitalizations) were collected. The RFBSF is a representative sample of the entire NHI-insured population and forms a continuous profile of health care information, and is published by the BNHI. The purpose of the RFBSF is to provide current information about health care for NHI beneficiaries. There were no significant differences in the mean or distributions of age, gender, medical care expenses, and geography between the RFBSF samples and the entire 23 million NHI-insured population. Those insured who used CT in the RFBSF samples between 1997 and 2003 served as the subjects of research in the present study.
Data sources
The data collected in the present study are secondary data; data regarding individual CT utilization were derived from NHI medical claims data. Patient profiles were derived from the RFBSF in 2003, and included gender, age, location of residence, and monthly premium-based salary. The monthly premium of each insured person is based on 1 month's salary and classified into eight different levels (from NT$15,840 to NT$87,600). It means that individuals with higher monthly salaries would pay a higher monthly insurance premium, but based on a calculation with the salary capped at NT$87,600 before 2004. Spouses and minor children are provided coverage by the insured and are referred to as the insured dependants. The DOH divided the national geography according to medical care accessibility into 17 health care regions (HCRs). HCRs are the residential areas in which the health care needs of residents can be conveniently met, and each HCR consists of approximately 20 townships in Taiwan. In the present study, the 17 HCRs were further divided into high-and low-income HCRs according to the average household income in Taiwan in 1997. 18 According to the ICD-9-CM, diseases were classified into 18 disease patterns. We used these 18 types of disease patterns to examine the diseases associated with CT utilization.
Statistical methods
The current study included descriptive and multiple logistic regression analyses. Descriptive analysis was employed to understand the frequency of 
Results
Descriptive statistical results
Between 1997 and 2003, the frequency of CT use per 1000 people significantly increased from 22.72 to 34.30 (p < 0.05), with a mean of 28.69, and an annual growth rate of 7.1% (Table 1) . During the 7-year span, average CT usage among males (32.2‰) was higher than in females (25.0%); however, the 7-year growth rate of female usage (51.2%) was similar to that of males (51.1%). The frequency of CT usage increased with age. Specifically, average usage among those ≥ 61 years of age was 108.7 per 1000 people, but the annual growth rate for those ≥ 41 years of age was small (< 3%). The trend of annual increase was statistically significant in those aged ≤ 20 and those between 21 and 40 (p < 0.05).
With respect to monthly premium-based salary (Table 1) , the insured who had the highest level of CT usage (42.85) per 1000 were those who earned ≤ NT$15,840, which is the lowest level. Individuals with higher 7-year growth rate were those who earned a premium-based salary ≥ NT$72,801 (224.1%) or NT$45,801-57,800 (122.5%). The average rate of CT usage per 1000 people was 40.15 in low-income HCRs, which was two times higher than that (20.08) in highincome HCRs. In addition, patients who had head CT scans decreased year by year, with an annual growth rate of -24.2% (Table 1) .
As shown in Table 2 , the top three diseases with the highest rate of CT usage were neoplasm, circulatory diseases, and congenital malformations, in which every 1000 neoplasm patients used CT an average of 169.14 times annually, and the annual growth rate was 6.54%. Considering the annual growth rate of CT use, the top three diseases with the highest annual growth rates were morbidities originating in the perinatal period (29.9%), mental disorders (15.5%), and disease patterns without clear symptoms and diagnosis (13.3%). This study further examined CT utilization between 1997 and 2003 by trend analysis and found that the rate of CT utilization per 1000 people showed a significant increasing trend for mental disorders, disease patterns without clear diagnosis, skin and epidermal diseases, neoplasm, and diseases of the urinary and reproductive systems (p < 0.05). The difference in the disease patterns of CT users based on characteristics was also investigated (Table 3 ). It was found that the disease patterns with the highest CT use rates in males were neoplasm (269.3‰), circulatory system diseases (40.7‰) and trauma and poisoning (19.2‰), and for females were neoplasm (122.9‰), circulatory system diseases (26.1‰) and congenital malformations (23.1‰). By examining the correlations between HCRs with different incomes and distribution of disease patterns, it was found that the highest CT utilization was for cancer (148 per 1000 in high-income HCRs, 186 per 1000 in low-income HCRs), and the second highest was for circulatory system diseases (31 per 1000 in high-income HCRs, 35 per 1000 in low-income HCRs). The third highest was for congenital malformations for high-income HCRs and trauma and poisoning for low-income HCRs.
The distribution of disease patterns varied with age group (Table 3) . The most frequent disease patterns in CT usage per 1000 people for those Finally, the distribution of disease patterns for CT use among different premium-based salaries were compared (Table 3 ). It was found that the disease patterns of CT usage per 1000 people for insured dependants and individuals with premiumbased salary ≤ NT$15,840 or NT$15,841-36,300 were generally the same, in which the disease patterns with the highest CT use were neoplasm, circulatory system diseases and congenital malformations. The most frequent disease patterns on average among people with premium-based salary ≥ NT$36,301 were neoplasm, morbidities originating in the perinatal period, and congenital malformations.
Multiple logistic regression results
Multiple logistic regression analysis was used to understand the factors that affect CT utilization (Table 4) . If other variables were controlled for, the likelihood of using CT by males was higher than by females, with an odds ratio (OR) of 1.64 (95% confidence interval [CI], 1.53-1.76). The older a person was, the greater the likelihood that he or she used CT. Compared to those aged ≤ 20 years, the ORs of CT use were 1.96, 3.30 and 7.05 for those aged 21-40, 41-60 and ≥ 61 years, respectively. With regard to income, all other premiumbased salary groups had a lower likelihood (OR, 0.50-0.89) of using CT than the group with the lowest premium-based salary of ≤ NT$15,840 (p < 0.05).
With regard to disease patterns, when people had neoplasm, congenital malformations, infectious and parasitic diseases, disease patterns without clear symptoms and diagnosis, trauma and poisoning, endocrine, nutrition and metabolic diseases, blood and hematogenic organ diseases, mental disorders, nervous and sensory organ diseases, circulatory system diseases, or digestive system diseases, they had a greater likelihood of using CT. However, those with respiratory system diseases, combined conditions of pregnancy, parturition and puerperium, or skin and epidermal diseases had a lower likelihood of using CT. The disease patterns that were associated with most frequent CT use were neoplasm (OR, 7.71; 95% CI, 7. 
Discussion
The BNHI of Taiwan implemented a medical instruction notification system, which requested notification from hospitals within 24 hours of performing a medical service using high-tech instruments such as CT or MRI. The implementation of the notification system resulted in a reduction in CT usage in 2000, but CT usage returned to previous levels between 2001 and 2003. Trend analysis showed that the average rate of CT use rose significantly each year between 1997 and 2003, indicating that strict scrutiny before and after a procedure was a diminishing effect on CT utilization control. Interestingly, the number of head CT scans significantly decreased each year, and the annual growth rate was -24.2%, which may be attributed to the policy of mandatory wearing of helmets while riding motorcycles that took effect in June 1997, and the corresponding large reduction in head trauma cases. 21 This study showed that the rate of CT use by males was significantly higher than that of females between 1997 and 2003, but the annual growth rate was very similar for both females and than for males (0.6%), although the rate of CT use by males was higher than that by females between 1998 and 2001. It was shown by further analysis that although the most frequent disease patterns leading to CT use by both males and females were neoplasm and circulatory system diseases, the use rate due to congenital malformations and trauma and poisoning ranked the third for females and males respectively and varied greatly between males and females. Almost all CT use rates of diseases were higher for males than for females except for two diseases: congenital malformations and endocrine, nutrition and metabolic disease (morbidities originating in the perinatal period only for females).
This study demonstrated that the frequency of CT utilization increased with age. Nevertheless, it is noteworthy that those aged ≤ 20 years exhibited the highest annual growth rate of CT usage per 1000 people. According to the statistics of the DOH of Taiwan, accident-related trauma and suicide ranked first and third, respectively, as causes of death in teenagers aged 15-24 years, and accidentrelated trauma also ranked first for those aged 1-14 years. 24 CT is the most commonly used examination following accidents, so common reasons for using CT by those under 20 years of age are trauma and poisoning. This implies that more effort is required to reduce childhood accidents. With other variables controlled for, the current study showed that the likelihood of CT usage was not significantly relevant to whether a person was in a high-or low-income HCR, though there was a higher growth rate in the low-income HCRs. Because the cost of CT (without copayment) is paid by national health insurance, personal income is irrelevant to the financial burden of CT usage. The statistics of the DOH showed that the number of CT units increased by 189 between 1997 and 2003, with 123 units attributed to lowincome HCRs. 25 Therefore, the high growth in low-income HCRs may be attributed to increasing accessibility. However, after other variables were controlled for, it was found that premiumbased salary was negatively correlated to CT usage. Further analysis of disease patterns found that individuals with lower premium-based salaries have higher rate of CT usage for all disease patterns, especially for neoplasm, circulatory system diseases, trauma and poisoning, infectious and parasitic diseases, mental diseases, and blood and hematogenic organ diseases. This implies that individuals with lower income were more likely to use CT due to health problems. The proportion of the population with a premium-based salary ≤ NT$15,840 is approximately 3-5% of the insured population; the government needs to pay more attention to the health status of this group. However, the results of this study were inconsistent with that of a Canadian study that focused on an urban region and which indicated that higher diagnostic imaging utilization rates were associated with higher SES for all levels of diagnostic imaging sophistication, including CT and MRI. 20 Since both Canada and Taiwan have universal and comprehensive health insurance coverage, the cost of CT should not be a financial barrier to low-income people for accessing CT. The problem might be the difference in health status and disease patterns between higher-income and lower-income groups in both countries. The most common disease patterns leading to CT use per 1000 people were neoplasm, circulatory system diseases, and trauma and poisoning. It is known from past studies that MRI can partially replace CT [26] [27] [28] and is particularly wellsuited for the diagnosis of injuries involving muscles and bones. 29 The results herein showed that bone, muscle and connective tissue diseases contributed very little to the growth in CT usage, hence the extent to which MRI can replace CT is worthy of further research. It is intriguing that the average annual growth rate of CT utilization in disease patterns without clear symptoms, conditions and diagnosis was very high. Because physicians place an emphasis on evidence-based medicine and strive to make medical plans and provide medical services to patients using currently available medical evidence, physicians might prefer to use CT examination. 30 In order to improve the quality of health care, and because of the surging number of medical CT has become a common examination tool for mental disorders, and the growth in the number of patients with mental disorders is one of the reasons that CT usage has increased. In summary, from the 7 years of observation data, under Taiwan's comprehensive and universal national health insurance, SES was found to have a strong correlation with CT-involved medical treatments. Disease patterns needing CTinvolved treatments were similar among different personal characteristics but the use rates were quite different. Low SES and neoplasm, diseases of the circulatory system and congenital malformations had significantly higher rates of CT utilization. Finally, there are some limitations to this study. Since the data source of the study was obtained from the RFB published by the BNHI, the real income of insured dependants is unknown, and the difference between premium-based salary and an individual's real income was not ascertained in this study. The possibility exists that real income was somewhat underestimated. In addition, since severity or morbidity level was one of the medical need factors that was not included in our analysis, it could be included in future study.
